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(57) ABSTRACT 

An illumination apparatus includes: a light source including 
at least one light-emitting element, the light-emitting ele 
ment being con?gured to emit light and having an uneven 
light distribution characteristic; a coupling optical system 
disposed corresponding to the light source and con?gured to 
convert the light emitted from the light source into substan 
tially parallel light; a light condensing optical system con 
?gured to condense the light from the light source, converted 
into the substantially parallel light by the coupling optical 
system, at a predetermined focal position; an illuminated 
surface as an object to be illuminated by the light from the 
light source condensed by the light condensing optical 
system; and an optical element disposed between the cou 
pling optical system and the light condensing optical system, 
and con?gured to reduce irregular distribution of an amount 
of light on the illuminated surface caused by the light 
distribution characteristic of the light-emitting element. 
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ILLUMINATION APPARATUS, LIGHT 
MODULATION APPARATUS, DISPLAY 

APPARATUS, PROJECTION-TYPE DISPLAY 
APPARATUS AND REAR-PROJ EC TION 

TELEVISION 

PRIORITY CLAIM 

[0001] The present application is based on and claims 
priority from Japanese Application Number 2006-163352, 
?led Jun. 13, 2006, and Japanese Application Number 
2006-204677, ?led Jul. 27, 2006, the disclosures of Which 
are hereby incorporated by reference herein in their entirety. 

BACKGROUND 

[0002] The present invention relates to an illumination 
apparatus, a light modulation apparatus, a display apparatus, 
a projection-type display apparatus and a ear-projection 
television. More particularly, the invention relates to an 
illumination apparatus, a light modulation apparatus, a dis 
play apparatus, a projection-type display apparatus and a 
tear-projection television having reduced irregular illumina 
tion from a light source having a light distribution charac 
teristic. 

[0003] A conventional picture display apparatus such as a 
projection-type picture display apparatus and a direct-vieW 
liquid crystal display apparatus and so forth modulates light 
illuminated from a light source by a light modulation 
element so as to display a picture. A liquid crystal device, a 
DMD (Digital Micro-mirror Device) and so on, for example, 
are knoWn as light modulation elements. 

[0004] The liquid crystal device utiliZes properties such as 
optical rotatory poWer and double refraction, and is used 
together With a polariZing element to control the brightness 
of light passing though each pixel. The DMD includes 
movable micro-mirrors corresponding to the number of 
pixels, and controls light paths to change the brightness of 
light passing therethrough. 
[0005] AWhite light lamp such as a high-pressure mercury 
lamp, a xenon lamp, and a metal halide lamp and so forth, 
for example, is generally used as the light source Which 
illuminates the light modulation element. DraWbacks com 
mon to such White light lamps are that a large number of 
infrared rays are emitted, i.e., heat is generated, and the siZe 
of the entire optical system is increased due to the lamp 
having a large siZe. 

[0006] In addition, it is dif?cult to balance an amount of 
light among three primary colors of R (Red), G (Green) and 
B (Blue) in color separation by a dichroic mirror and in color 
synthesis by a dichroic prism, and a large number of 
components are required for carrying out the color separa 
tion and the color synthesis. Thus, problems also exist such 
as a limitation in improvement of color reproductivity and 
an increase in the siZe of an apparatus. 

[0007] In recent years, light-emitting elements such as a 
LED (Light-Emitting Diode), a LD (Laser Diode), an EL 
(Electro-Luminescence) element and so forth have been a 
focus of attention and developed actively. Such light-emit 
ting elements have advantages, as compared With the xenon 
lamps and the metal halide lamps for example, in that they 
do not include components such as the infrared rays and 
ultraviolet rays, they are capable of performing monochro 
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matic illumination of RGB (Red, Green and Blue), lighting 
control therefor is relatively easy, they have a fast response 
speed, and they do not rupture, for example. 

[0008] On the other hand, the light-emitting elements have 
a disadvantage in that an amount of illumination by a single 
light-emitting element is small, so that a large number of 
light-emitting elements are required in a picture display 
apparatus having a large screen. In addition, the LED has a 
characteristic in Which different a light intensity distribution 
is indicated normally for each angle of exit, generally knoWn 
as a light distribution characteristic. As illustrated in FIG. 9, 
When there is an angle 0 from the center of directions of the 
exit of light, for example, in the light distribution, the light 
intensity in directions of 0 Weakens in accordance With cos 
0. Due to such a characteristic, irregularity or unevenness is 
generated in the distribution of a light amount on a surface 
of an object to be illuminated as an illumination target. 

[0009] Heretofore, a number of inventions Which utiliZe 
the LED, LD and so on as the illumination light source have 
been ?led, although there are only feW inventions that can 
solve the irregularity in the light amount distribution caused 
by the light distribution characteristic described above. For 
example, Japanese patent publication No. 2001-343706, 
Japanese patent registration No. 3585097, and Japanese 
patent publication No. 2002-244211 are knoWn. Japanese 
patent publication No. 2001-343706 proposes a picture 
display apparatus in Which light emitted from light source 
parts, structured of LEDs and coupling lenses, is caused to 
enter a light valve through a condenser lens and an integra 
tor. Japanese patent registration No. 3585097 discloses a 
liquid crystal display apparatus and so on in Which the 
irregular light amount distribution is reduced by combining 
a plurality of LEDs With a light guide body. Japanese patent 
publication No. 2002-244211 proposes an image projection 
apparatus Which balances high light-use e?iciency and a 
small optical system, by providing polariZed light conver 
sion elements, each converting light emitted from LEDs into 
polariZed light, correspondingly to each of the LEDs. 

[0010] The picture display apparatus proposed in Japanese 
patent publication No. 2001-343706 aims to cause the light 
emitted from the plurality of light sources to enter the light 
valve uniformly and effectively. HoWever, there are draW 
backs in that the number of components required is large, 
and miniaturization is limited. 

[0011] The liquid crystal display apparatus disclosed in 
Japanese patent registration No. 3585097 directly irradiates 
diffusion light emitted from the light guide body onto a light 
modulation member, and as a result; it cannot establish 
matching betWeen the NA (Numerical Aperture) of a pro 
jection lens and the NA of an illumination optical system. 
Therefore, there is a problem of loW light-use ef?ciency, i.e., 
a screen becomes dark even if the light modulation member 
is brightly illuminated, for example, in the invention dis 
closed in Japanese patent registration No. 3585097. 

[0012] The image projection apparatus disclosed in Japa 
nese patent publication No. 2002-244211 aims to achieve 
light-use ef?ciency and miniaturization, although the irregu 
larity in the light amount distribution is not discussed. 

[0013] For the foregoing reasons, there is a need for an 
illumination apparatus and so on that effectively condenses 
light from the light source, suppresses the irregularity in the 
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light amount distribution on the surface of the object to be 
illuminated as the illumination target, and achieves minia 
turiZation as Well as thinness. 

[0014] Meanwhile, in recent years, giving presentations 
utiliZing a projector has been Widely prevalent, due to the 
progress in miniaturization and Weight saving of various 
types of mobile equipment, as typi?ed by notebook type 
personal computers, and thus mobile equipment can be 
easily portable. In accordance With the prevalence of the 
presentation utiliZing the projector, miniaturization and 
Weight saving of the projector are also in progress. HoWever, 
a light source lamp such as a halogen lamp and metal halide 
lamp and so forth normally used for the existing projector is 
relatively large-siZed and heavy. Accordingly, the LED has 
also been brought to attention for the light source lamp as an 
alternative to the halogen lamp and the metal halide lamp 
and so forth. 

[0015] Various proposals have been made for a projector 
apparatus including a projector type display apparatus, an 
image projection apparatus and so on, in Which the LED is 
used as the light source. 

[0016] For example, Japanese patent publication No. 
2001-249400 discloses a projector apparatus structured of a 
light-emitting element array, a ?y-eye lens, a relay lens, a 
liquid crystal panel, and a projection lens system. Japanese 
patent publication No. H11-32278 discloses a projector 
apparatus structured of a light-emitting element array, a 
micro-lens array, a reduction-optical device, a dichroic mir 
ror, a tWo-dimensional micro de?ecting mirror array, and a 
projection optical system. The image projection apparatus 
according to the Japanese patent publication No. 2002 
244211 discussed above is structured of a light-emitting 
element array, a polariZed light conversion element a dich 
roic prism, a de?ection beam splitter, a liquid crystal light 
valve, and a projection optical system. 

[0017] When focusing on an illumination apparatus of the 
projectors described above, the invention disclosed in Japa 
nese patent publication No. 2001-249400 causes light emit 
ted from the light-emitting element to directly enter the 
?y-eye lens. The invention of Japanese patent publication 
No. H111-32278 shapes light emitted from the light-emit 
ting element by the micro-lens array, although a Width of a 
light ?ux is narroWed and the light is directly guided to the 
tWo-dimensional micro de?ecting mirror array after the 
shaping is performed. 

[0018] As described above, generally in the light emitted 
from the LED, the intensity of emission is different for each 
of the angles of radiation, as represented by lengths illus 
trated by arroWs in FIG. 9, and such a distribution of the 
intensity is often called the light distribution characteristic. 
When the structures disclosed in Japanese patent publication 
No. 2001-249400 and Japanese patent publication No. H11 
32278 are utiliZed, it is obvious that the light distribution 
characteristic of the LED appears as irregular illuminance on 
the liquid crystal panel, the tWo-dimensional micro de?ect 
ing mirror array and so on. For example, even When a LED 
of a shell type is used for a light source to increase directivity 
of the emitted light and to decrease divergence of the light 
so as to loWer the in?uence of the light distribution charac 
teristic, the NA of the ?y-eye lens becomes too small, Which 
means that the liquid panel as a light modulation device 
cannot be illuminated in its entirety. 
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[0019] The image projection apparatus disclosed in Japa 
nese patent publication No, 2002-244211, as described 
above, aims to achieve light-use e?iciency and miniaturiza 
tion. HoWever, irregular illuminance is not discussed 
therein. 

[0020] For the foregoing reasons, there is also a need for 
a display apparatus, a projection-type display apparatus and 
a rear-projection television that reduces the irregular illumi 
nance on the light modulation device and effectively irradi 
ates the light emitted from the light source on the entire light 
modulation device. 

SUMMARY 

[0021] The present invention is directed to an illumination 
apparatus, a light modulation apparatus, a display apparatus, 
a projection-type display apparatus and a rear-projection 
television that satisfy this need. 

[0022] To achieve these and other advantages and in 
accordance With the purpose of the invention, as embodied 
and broadly described herein, the invention provides an 
illumination apparatus, Which includes: a light source 
including at least one light-emitting element, the light 
emitting element being con?gured to emit light and having 
an uneven light distribution characteristic; a coupling optical 
system disposed corresponding to the light source and 
con?gured to convert the light emitted from the light source 
into substantially parallel light; a light condensing optical 
system con?gured to condense the light from the light 
source, converted into the substantially parallel light by the 
coupling optical system, at a predetermined focal position; 
an illuminated surface as an object to be illuminated by the 
light from the light source condensed by the light condens 
ing optical system; and an optical element disposed betWeen 
the coupling optical system and the light condensing optical 
system, and con?gured to reduce irregular distribution of an 
amount of light on the illuminated surface caused by the 
light distribution characteristic of the light-emitting element. 

[0023] The invention provides another illumination appa 
ratus, Which includes: a light source, the light source includ 
ing at least one light-emitting element of a surface-emission 
type in Which a plurality of light-emitting elements are 
arranged tWo-dimensionally, the light-emitting element 
being con?gured to emit light and having an uneven light 
distribution characteristic, and a structure having a tapered 
holloW part Which expands its diameter toWard a direction of 
emission of the light emitted therefrom and encapsulating 
therein the light-emitting element by a resin; a coupling 
optical system disposed corresponding to the light source 
and con?gured to convert light emitted from the light source 
into substantially parallel light; a light condensing optical 
system con?gured to condense the light from the light 
source, converted into the substantially parallel light by the 
coupling optical system, at a predetermined focal position; 
an illuminated surface as an object to be illuminated by the 
light from the light source condensed by the light condens 
ing optical system; and a light-emitting region provided on 
the structure and from Which the light of the light-emitting 
element is emitted externally, the light-emitting region being 
determined by an area of encapsulation by the resin or 
determined by a most expanded diameter part of the struc 
ture, and having a shape similar to a shape of the illuminated 
surface. 
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[0024] The invention provides a light modulation appara 
tus, Which includes: an illumination apparatus, including: a 
light source including at least one light-emitting element, the 
light-emitting element being con?gured to emit light and 
having an uneven light distribution characteristic; a coupling 
optical system disposed corresponding to the light source 
and con?gured to convert the light emitted from the light 
source into substantially parallel light; a light condensing 
optical system con?gured to condense the light from the 
light source, converted into the substantially parallel light by 
the coupling optical system, at a predetermined focal posi 
tion; an illuminated surface as an object to be illuminated by 
the light from the light source condensed by the light 
condensing optical system; and an optical element disposed 
betWeen the coupling optical system and the light condens 
ing optical system, and con?gured to reduce irregular dis 
tribution of an amount of light on the illuminated surface 
caused by the light distribution characteristic of the light 
emitting element; and a light modulation element provided 
on the illuminated surface. 

[0025] The invention provides a projection-type display 
apparatus, Which includes: an illumination apparatus, 
including: a light source including at least three light 
emitting elements each con?gured to emit, in time sequence, 
colored light each having a different color from each other, 
the light-emitting elements each having an uneven light 
distribution characteristic; a coupling optical system dis 
posed corresponding to the light source and con?gured to 
convert the colored light emitted from the light source into 
substantially parallel light; a light condensing optical system 
con?gured to condense the colored light from the light 
source, converted into the substantially parallel light by the 
coupling optical system, at a predetermined focal position; 
an illuminated surface as an object to be illuminated by the 
colored light from the light source condensed by the light 
condensing optical system; and an optical element disposed 
betWeen the coupling optical system and the light condens 
ing optical system and con?gured to reduce irregular distri 
bution of an amount of light on the illuminated surface 
caused by the light distribution characteristic of each of the 
light-emitting elements; a light modulation element con?g 
ured to be driven by time division in synchronization With 
timing of emission of each of the colored light time 
sequentially emitted from the light-emitting elements and 
con?gured to modulate the colored light; and a projection 
optical system con?gured to project the colored light modu 
lated by the light modulation element. 

[0026] The invention provides another projection-type 
display apparatus, Which includes: an illumination appara 
tus, including: a light source constituting a surface light 
source and including a plurality of light-emitting elements 
each con?gured to emit colored light each having a different 
color from each other, the light-emitting elements each 
having an uneven light distribution characteristic; a coupling 
optical system disposed corresponding to the light source 
and con?gured to convert the colored light emitted from the 
light source into substantially parallel light; a light condens 
ing optical system con?gured to condense the colored light 
from the light source, converted into the substantially par 
allel light by the coupling optical system, at a predetermined 
focal position; an illuminated surface as an object to be 
illuminated by the colored light from the light source 
condensed by the light condensing optical system; and an 
optical element disposed betWeen the coupling optical sys 
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tem and the light condensing optical system and con?gured 
to reduce irregular distribution of an amount of light on the 
illuminated surface caused by the light distribution charac 
teristic of each of the light-emitting elements; a plurality of 
light modulation elements con?gured to modulate the col 
ored light emitted from the light-emitting elements; a color 
synthesiZing element con?gured to synthesiZe the colored 
light modulated by the light modulation elements to synthe 
siZed light; and a projection optical system con?gured to 
project the synthesiZed light synthesiZed by the color syn 
thesiZing element. 

[0027] The invention provides a display apparatus, Which 
includes: at least one light-emitting element con?gured to 
emit light; a light condensing optical system including at 
least one optical component and con?gured to condense the 
light emitted from the light-emitting element, the at least one 
optical component including at least one aspherical surface; 
and a light modulation device irradiated by the light con 
densed by the light condensing optical system and con?g 
ured to modulate the irradiated light. 

[0028] The invention provides a projection-type display 
apparatus, Which includes: a display apparatus including: at 
least one light-emitting element con?gured to emit light; a 
light condensing optical system including at least one optical 
component and con?gured to condense the light emitted 
from the light-emitting element, the at least one optical 
component including at least one aspherical surface; and a 
light modulation device irradiated by the light condensed by 
the light condensing optical system and con?gured to modu 
late the irradiated light; and a projection optical system 
con?gured to project image light imaged by the display 
apparatus. 
[0029] The invention provides a rear-projection television, 
Which includes: a display apparatus including: at least one 
light-emitting element con?gured to emit light; a light 
condensing optical system including at least one optical 
component and con?gured to condense the light emitted 
from the light-emitting element, the at least one optical 
component including at least one aspherical surface; and a 
light modulation device irradiated by the light condensed by 
the light condensing optical system and con?gured to modu 
late the irradiated light; a projection optical system con?g 
ured to project image light imaged by the display apparatus; 
and a display screen onto Which the image light is projected 
by the projection optical system. 
[0030] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary, and are intended to provide further explana 
tion of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] The accompanying draWings are included to pro 
vide a further understanding of the invention, and are 
incorporated in and constitute a part of this speci?cation. 
The draWings illustrate embodiments of the invention and, 
together With the speci?cation, serve to explain the prin 
ciples of the invention. 

[0032] FIG. 1 is a side vieW illustrating a structure of an 
illumination apparatus according to a ?rst embodiment of 
the present invention. 

[0033] FIG. 2 is a perspective vieW illustrating the struc 
ture of the illumination apparatus according to the ?rst 
embodiment of the present invention. 
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[0034] FIG. 3 illustrates a structure of an LED in the 
illumination apparatus according to the ?rst embodiment of 
the present invention. 

[0035] FIG. 4 illustrates a light distribution characteristic 
of the LED in the illumination apparatus according to the 
?rst embodiment of the present invention. 

[0036] FIG. 5 illustrates one example of a structure of an 
optical element in the illumination apparatus according to 
the ?rst embodiment of the present invention. 

[0037] FIG. 6 illustrates a structure of a projection-type 
display apparatus according to a second embodiment of the 
present invention. 

[0038] FIG. 7 illustrates a structure in Which a polariZation 
conversion element is employed. 

[0039] FIG. 8 illustrates another structure in Which a 
polarization conversion element is employed. 

[0040] FIG. 9 illustrates a light distribution characteristic 
of light emitted from an LED. 

[0041] FIG. 10 illustrates a case in Which the light distri 
bution characteristic of the light emitted from the LED is a 
Lambert distribution. 

[0042] FIG. 11 illustrates a case in Which a characteristic 
of a spherical aberration is given to the light emitted from 
the LED. 

[0043] FIG. 12 illustrates a case in Which the light distri 
bution characteristic of the light emitted from the LED is a 
uniform distribution. 

[0044] FIG. 13 illustrates a structure of a projection-type 
display apparatus according to a third embodiment of the 
present invention. 

[0045] FIG. 14 illustrates a structure of the projection-type 
display apparatus according to a fourth embodiment of the 
present invention. 

[0046] FIG. 15 illustrates a structure of the projection-type 
display apparatus according to a ?fth embodiment of the 
present invention. 

[0047] FIG. 16 illustrates a structure of a rear-projection 
television according to a sixth embodiment of the present 
invention. 

DETAILED DESCRIPTION 

[0048] Reference Will noW be made in detail to the present 
preferred embodiments of the invention, examples of Which 
are illustrated in the accompanying draWings. Wherever 
possible, the same reference numbers are used in the draW 
ings and the description to refer to the same or like parts. The 
scope of the present invention, hoWever, is not limited to 
these embodiments. Within the scope of the present inven 
tion, any structure and material described beloW can be 
appropriately modi?ed. 

[0049] FIG. 1 and FIG. 2 illustrate a structure of an 
illumination apparatus according to a ?rst embodiment of 
the present invention, Wherein FIG. 1 is a side vieW, and 
FIG. 2 is a perspective vieW of the structure. FIG. 3 
illustrates a structure of an LED in the illumination appa 
ratus according to the ?rst embodiment of the present 
invention. 
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[0050] The illumination apparatus according to the present 
embodiment of the invention includes an LED 1, a coupling 
lens 2, an optical element 3, a condenser lens 4 and a surface 
to be illuminated 5 (or an illuminated surface 5). More 
speci?cally, the illumination apparatus is structured of, from 
a side of a light source to a side of the illuminated surface 
5, the LED 1, the coupling lens 2, the optical element 3, the 
condenser lens 4 and the illuminated surface 5. 

[0051] The LED 1 according to the present embodiment is 
an LED preferably of a surface-emission type as illustrated 
in FIG. 3. The LED 1 includes a structure 14 having a holloW 
part, Which has a taper-shaped slope surface 13. A light 
emitting element 11 is encapsulated in the structure 14 by a 
resin 12. A region indicated by an arroW in FIG. 3 represents 
a light-emitting surface 15. 

[0052] The light-emitting element 11 is a source of light 
emission Which preferably includes a p-n junction of a 
semiconductor, and emits monochromatic light or light 
having a nearly monochromatic color. The resin 12 may be 
a transparent resin or a resin including a ?uorescent material, 
and protects the light-emitting element 11 or has an effect of 
converting a color of the light emitted from the light 
emitting element 11 into another color. A re?ecting plate 13 
is provided on the taper-shaped slope surface 13, and has an 
effect of re?ecting the light of the light-emitting element 11 
emitted toWard the slope surface 13 upWard so as to extract 
the light out of the resin 12. 

[0053] The coupling lens 2 has a large NA @Iumerical 
Aperture), and converts divergent light of the LED 1 into 
parallel light. The condenser lens 4 condenses the light from 
the LED 1 at a predetermined focal position, and illuminates 
the illuminated surface 5 uniformly. The illuminated surface 
5 is a surface of an object illuminated by the light from the 
LED 1. 

[0054] FIG. 4 is a partially-enlarged vieW of FIG. 1, in 
Which arroWs each representing the intensity of an amount 
of light are added to illustrate a light distribution character 
istic of the LED 1 in the illumination apparatus according to 
the embodiment of the present invention. 

[0055] As described above, the LED has a characteristic, 
generally knoWn as the light distribution characteristic, in 
Which a different light intensity distribution is indicated, 
normally, for each angle of exit. As illustrated in FIG. 4, 
light 2011, light 20b and light 200 each have light intensities 
different from each other at the point of time When they are 
emitted from the LED 1. The light distribution characteris 
tics exist as illustrated by 21a, 21b and 210 even When the 
light emitted from the LED 1 is converted into parallel light 
by the coupling lens 2. As a result, an irregularity in the light 
amount distribution is generated on the illuminated surface 
5. 

[0056] Therefore, according to the present embodiment of 
the invention, the optical element 3 as an element for 
reducing the irregularity in the light amount distribution is 
disposed betWeen the coupling lens 2 and the condenser lens 
4. By disposing the optical element 3, the light 2111, the light 
21b and the light 210, each having different light intensity, 
are converted into light 2211, light 22b and light 220 having 
substantially uniform light intensity. Thereafter, the light 
2211, the light 22b and the light 220, each converted to have 
uniform light intensity, are irradiated on the illuminated 
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surface 5 by the condenser lens 4. Hence, the irregular light 
amount distribution on the illuminated surface 5 is reduced. 

[0057] The LED 1 and the illuminated surface 5 are 
preferably set in a conjugate relationship by a lens system 
including the coupling lens 2, the optical element 3 and the 
condenser lens 4, so as to establish a so-called critical 
illumination. Use of an arc-type light source such as a 
high-pressure mercury lamp, for example, should preferably 
be avoided since the irregularity of the light amount in the 
light-emitting surface directly in?uences the illuminated 
surface. On the other hand, in the critical illumination, the 
irregularity of the light amount in the light-emitting surface 
of the surface-emission type LED is signi?cantly less as 
compared With the arc -type light source, and the irregularity 
of the light amount is also adjustable, for example, by the 
re?ecting surface illustrated in FIG. 3, Which is effectively 
utiliZable according to applications. The reduction of the 
number of components and consequent improvement in 
light-use e?iciency are thus achieved by employing the 
critical illumination. 

[0058] Therefore, according to the illumination apparatus 
of the present embodiment of the invention, the LED 1 
having the uneven light distribution characteristic, the cou 
pling lens 2, the condenser lens 4, and the illuminated 
surface 5 are disposed subsequently from the side of the light 
source, and the optical element 3 con?gured to reduce the 
uneven light amount distribution of the illuminated surface 
5, caused by the light distribution characteristic of the LED 
1, is disposed betWeen the coupling lens 2 and the condenser 
lens 4. Hence, it is possible to achieve minaturiZation of the 
illumination apparatus. In addition, generation of heat is 
small since the LED 1 is used for the light source, and 
consequently, a cooling fan becomes unnecessary. Thus, the 
illumination apparatus Which is noiseless is realiZed. 

[0059] The optical element 3 is an optical system Which is 
structured of at least tWo lenses and substantially afocal. The 
optical element 3 also includes afocal magni?cations Which 
are different in a central part of the lenses and a peripheral 
part of the lenses, and the optical element 3 satis?es a 
folloWing formula: 

[0060] Wherein Mc is the afocal magni?cation of the lens 
central part, and Mm is the afocal magni?cation of the lens 
peripheral part. 

[0061] According to such a structure of the optical element 
3, in principle, equaliZation of the light amount distribution 
is realiZed by giving the afocal magni?cation, proportional 
to the light intensity, to each of the lens central part and the 
lens peripheral part. Alternatively, the afocal magni?cation 
may be continuously changed from the lens central part to 
the lens peripheral part, or the magni?cation may be created 
and provided in a stepWise fashion. 

[0062] The optical element 3 is arranged betWeen the 
coupling lens 2 and the condenser lens 4, since light ?uxes 
from the light-emitting element 11 have suitable Widths and 
thus it is suitable for converting the light distribution char 
acteristic. 

[0063] HoWever, in a case in Which the light-emitting 
surface of the LED 1 has a certain degree of siZe and light 
emitted therefrom enters into the coupling lens 2 from 
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outside of an optical axis, an angle of inclination in parallel 
light emitted obliquely from the coupling lens 2 is sharp, and 
thus in such a case, it is desirable that the optical element 3 
be arranged near to the coupling lens 2. By Way of example, 
a large difference in the equaliZation of the light amount 
distribution appears in the parallel light having an angle of 
Zero degrees and the parallel light having the inclined angle, 
When the optical element 3 is not arranged near to the 
coupling lens 2. In contrast, the difference in the equaliZation 
is small When the optical element 3 is disposed near to the 
coupling lens 2. 

[0064] FIG. 5 illustrates one example of a structure of the 
optical element in the illumination apparatus according to 
the embodiment of the present invention. 

[0065] For example, in a case in Which the coupling lens 
has taken :60 degrees of the divergent light of the light 
source, the intensity of a Lambert distribution or a light 
distribution of a lens peripheral part of the coupling lens is 
cos 60°=0.5, When the intensity of the Lambert distribution 
of a lens central part of the coupling lens, represented by a 
cosine function, is one. The intensity of the Lambert distri 
bution of an intermediate part of the coupling lens is at a 
value in the middle of the intensity of the lens central part 
and the lens peripheral part represented by the cosine 
function. 

[0066] FIG. 5 illustrates the afocal magni?cation Mc=l.4 
of the light ?ux in the lens central part, and the afocal 
magni?cation Mm=0.7 of the light ?ux in the lens peripheral 
part, for example. Therefore, it is possible to equaliZe 
distribution of the intensity of the light emitted from the 
optical element. Here, it is possible to use three or more 
lenses for the optical element to improve Workability, since 
the shape of the lenses may become complex When the 
optical element is structured of tWo lenses. 

[0067] In addition, the aforcal magni?cation does not 
necessarily have to be the same in a tWo-dimensional 
direction of the lenses. The optical element 3 may be 
structured to have an anamorphic system to uniform the light 
amount distribution in each direction. 

[0068] The optical element may also be structured to be an 
optical system Which includes at least tWo reacting surfaces 
and Which is substantially afocal. In this case, the lens 
peripheral part has an afocal magni?cation different from 
that of the lens central part, and the optical element satis?es 
a folloWing formula: 

[0069] Wherein Mc is the afocal magni?cation of the lens 
central part, and Mm is the afocal magni?cation of the lens 
peripheral part. 

[0070] NoW, a projection-type display apparatus accord 
ing to a second embodiment of the invention Will be 
described With reference to FIG. 6. 

[0071] FIG. 6 illustrates a structure of optical systems of 
the projection-type display apparatus according to the 
present embodiment of the present invention. The projec 
tion-type display apparatus according to the present embodi 
ment includes an optical system for R (Red), an optical 
system for G (Green), and an optical system for B (Blue). 
Each of the R optical system, the G optical system and the 
B optical system includes an LED 101, a coupling lens 102, 
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an optical element 103, and a condenser lens 104. In FIG. 6, 
each of the elements belonging to the R optical system, the 
G optical system and the B optical system has With “r”, “g” 
and “b” attached, respectively. The projection-type display 
apparatus further includes a cross dichroic prism 105, a light 
valve 106, and a projection lens 107. 

[0072] It is to be noted that the length of the arroWs 
illustrated in FIG. 6 does not represent the light intensity 
unlike in FIG. 4; rather, the arroWs simply represent ray 
paths from the LEDs to an illuminated surface that illumi 
nate the center of the illuminated surface. In addition, in the 
present embodiment, the light valve 106 is disposed at the 
illuminated surface. 

[0073] Each of the LEDs 101 is disposed to emit colored 
light of one of three colors of R, G and B. The cross dichroic 
prism 105 is disposed, for example, as illustrated in FIG. 6, 
such that optical paths of the three colors at an exit of the 
cross dichroic prism 105 become the same as each other, and 
then the three colors are synthesized on the light valve 106. 

[0074] The LEDs 101 and the light valve 106 are prefer 
ably set in a conjugate relationship by the lens systems 
including the coupling lenses 102, the optical elements 103, 
and the condenser lenses 104, respectively. Normally, the 
light valve such as a light modulation element of a liquid 
crystal type and the DMD, for example, has an aspect ratio 
of 4:3 or 16:9 or the like. Accordingly, the light-use effi 
ciency is improved by setting the shape of a light-emitting 
surface of the LED 101 at 4:3 or 16:9 or the like. 

[0075] The light emitted from the LEDs 101 having 
respective colors is modulated by the light valve 106. Light 
?uxes of the emitted light modulated by the light valve 106 
are projected on a screen 108 through the projection lens 
107. It may be desirable that the projection lens 107 be 
telecentric to a side of the light valve 106. 

[0076] Each of the LEDs 101 of the three colors emits the 
corresponding colored light in time sequence. The light 
modulation element is driven by time division in synchro 
nization With emission timing of each of the colored light. 
Thereby, color displaying is possible even on the single 
plated light valve. 

[0077] As described above, the LED, the LD or the like 
does not include an infrared ray, i.e., heat, in the light it 
radiates, so that use of a plastic lens is possible even in the 
vicinity of the light source. Hence, in addition to the fact that 
a reduction of costs is possible by producing members in the 
vicinity of the light source by molding, mass-production of 
an aspherical surface and a special surface is relatively easy, 
by Which the equalization is improved. This also has an 
advantage of alloWing the LEDs to be lightWeight as com 
pared With a glass lens. 

[0078] It is also advantageous to employ a Fresnel lens for 
at least one of the lenses used for an illumination optical 
system. For example, although FIG. 6 illustrates one cou 
pling lens and one condenser lens for convenience of 
explanation, both the number of coupling lenses and the 
number of condenser lenses used inevitably increase When 
attempting to obtain a bright lens system so as to increase an 
amount of light extracted, and as a result, a central thickness 
of the lenses of the illumination optical system becomes 
large. Therefore, in such a case, a thin, lightWeight illumi 
nation optical system is achieved by replacing at least one of 
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the lenses used in the illumination optical system With the 
Fresnel lens. In addition, a dilfracting plane may be used at 
the same time to reduce a difference in the colors of the 
illumination light. 

[0079] It is possible to further improve the light-use effi 
ciency, When a structure is employed in Which a polarization 
conversion element (for example, a polarization conversion 
element 151 illustrated in FIG. 7, and polarization conver 
sion elements 151r, 151g and 15119 illustrated in FIG. 8), for 
arranging the light emitted from the LEDs to one-directional 
polarized light, is provided betWeen the coupling lenses or 
the condenser lenses and the light valve, Which is effective 
in an LCD, an LCOS (Liquid Crystal On Silicon) and so on 
in Which the light valve utilizes polarization. 

[0080] Therefore, according to the present embodiment of 
the invention, the optical element, Which reduces the irregu 
lar light amount distribution on the illuminated surface 
caused by the light distribution characteristic of the light 
emitting diode, is disposed betWeen the coupling lens and 
the condenser lens. Hence, it is possible to achieve the 
miniaturization of the illumination system. Moreover, the 
shape of the light-emitting surface of the light-emitting 
diode of the surface-emission type is formed to have a shape 
similar to that of the light modulation element, and the 
light-emitting surface and the light modulation element are 
set in the conjugate relationship. Hence, it is possible to 
establish critical illumination and to reduce the number of 
components. 

[0081] Therefore, according to the present embodiment of 
the invention, the illumination apparatus and so on, Which 
effectively condense the light from the light source, suppress 
the irregularity in the light amount distribution on the 
surface of the object to be illuminated as the illumination 
target, and miniaturization as Well as thinness are realized. 

[0082] NoW, a second embodiment of the invention Will be 
described With reference to FIGS. 9 to 13. 

[0083] A display apparatus according to the present 
embodiment of the invention includes an LED as a light 
emitting element, a condenser lens system or a light con 
densing optical system structured of at least one optical 
component, and at least one aspherical surface formed on at 
least one optical component constituting the condenser lens 
system, thereby generating a desired spherical aberration in 
the condenser lens system to negate or cancel the light 
distribution characteristic of the LED. 

[0084] As mentioned in the foregoing, the intensity of 
radiation in the light emitted from the LED differs for each 
angle of emission as represented by the lengths of arroWs 
illustrated in FIG. 9. For example, in the light distribution 
referred to as the Lambert distribution, the intensity of 
radiation is increased by a cos 0 times, as an angle 0 relative 
to the intensity of radiation in a direction front of an LED 
201 is increased. More speci?cally, in a case in Which the 
LED 201 having the Lambert distribution is disposed in an 
object side focal point of an aberration-free lens and a light 
modulation device 203 is illuminated With parallel light as 
illustrated in FIG. 10, the distribution of illuminance on the 
light modulation device 203 is formed in a dome-like shape 
from the center to the periphery as illustrated by a dotted part 
of the draWing. 

[0085] HoWever, an actual lens has an aberration charac 
teristic and thus the distribution of illumination does not 
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appear the same as that described above. Accordingly, as 
illustrated in FIG. 11, the condenser lens system according 
to the present embodiment includes such a spherical aber 
ration characteristic in Which olf-axis light intersects With an 
optical axis at a position nearer to a side of a condenser lens 
202 than a paraxial image point. 

[0086] Referring to FIG. 12, by giving the spherical aber 
ration characteristic described above to the condenser lens 
system, intervals betWeen adjacent light rays of the light rays 
Which illuminate the light modulation device become dense 
as the light rays diverge from the optical axis, in a case in 
Which the light modulation device is disposed betWeen the 
condenser lens system and a light-condensed point. 

[0087] Thus, the illuminance on the light modulation 
device increases from the center to the periphery, When the 
light distribution of the LED is a uniform distribution as 
illustrated in FIG. 12. 

[0088] Therefore, the display apparatus according to the 
present embodiment combines the characteristic in Which 
the peripheral light amount is decreased by the light distri 
bution With the characteristic in Which the peripheral light 
amount is increased by the spherical aberration, to make 
uniform the illuminance on the light modulation device. 

[0089] Here, the number of lenses inevitably increases 
When attempting to increase parameters in a design of lenses 
so as to set the spherical aberration to have a desired 

property. However, an increase in the number of lenses, 
through Which illumination light passes, leads to a reduction 
of the light amount in illumination, an enlarged optical 
system, an increase in costs and so on, Which are thus not 
desirable. Therefore, it is desirable to increase the param 
eters for controlling the spherical aberration by the aspheri 
cal surface, i.e., at least one aspherical surface in the 
condenser lens system according to the present embodiment 
in terms of the light amount, the siZe of the optical system 
and the costs, and, in particular, the light-use ef?ciency. 

[0090] Various methods for performing color-displaying 
of a projection-type display apparatus utiliZing the display 
apparatus described above according to the present embodi 
ment can be considered, Which may be classi?ed into a 
method of performing the color-displaying by utiliZing a 
light valve, and a method of performing the color-displaying 
by mixing plural colored light With an illumination optical 
system Which includes a light source. 

[0091] For example, there are methods as folloWs Which 
utiliZe the light valve, although they sacri?ce brightness and 
resolution: 

[0092] <l> A method of using a color ?lter, and 

[0093] <2> A method of adapting three sub-pixels of red, 
green and blue to correspond to one microlens (for example, 
see Television Gakkai Gijutu Houkoku (ITFJ Technical 
Report) VOL. 19, NO. 8, lDY95-41). 

[0094] The folloWing are examples of the methods of 
mixing the plural colored light With the illumination optical 
system including the light source, since each LED illumi 
nates the entire light valve: 

[0095] <l> A method of using an LED Which includes 
respective chips of red, green and blue in one element; 
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[0096] <2> A method of aligning LEDs Which emit 
respective colors of red, green and blue, and mixing colored 
light therefrom on a light valve; and 

[0097] <3> A method of aligning each LED having red, 
green or blue color to create a surface light source of the red 
color, a surface light source of the green color, and a surface 
light source of the blue color, and mixing colored light 
emitted from the respective surface light sources With a 
cross dichroic prism and so on. 

[0098] Hereinafter, a detailed structure of the display 
apparatus and the projection-type display apparatus accord 
ing to the present embodiment Will be described With 
reference to FIG. 13. 

[0099] Referring to FIG. 13, the projection-type display 
apparatus according to the present embodiment includes an 
illumination device for a red color, an illumination device 
for a green color and an illumination device for a blue color, 
the light modulation device 203, and a projection lens 206. 
Each of the red illumination device, the green illumination 
device and the blue illumination device is structured of the 
LED 201, and the condenser lens system as a set. The 
condenser lens system includes a collimator lens 204, and an 
aspherical lens 205. 

[0100] In FIG. 13, the green illumination device is dis 
posed in front of the light modulation device 203, While each 
of the red illumination device and the blue illumination 
device is disposed to have an inclination relative to the light 
modulation device 203 by an angle 10.. Such a layout having 
a high degree of freedom is possible by the illumination 
utiliZing the LEDs and is unique thereto, Which is extremely 
dif?cult for a conventional light source such as a halogen 
lamp, a xenon lamp or the like. Here, it is desirable that the 
angle 0t be at least smaller than the NA (Numerical Aperture) 
of the projection lens 206. 

[0101] The light modulation device 203 (or a light modu 
lation element 203) includes a transmissive liquid crystal 
element, although it is not limited thereto. For example, the 
light modulation device 203 includes a DMD (Digital 
Micro-mirror Device), a re?ective liquid crystal element or 
the like. 

[0102] Therefore, the projection-type display apparatus 
according to the present embodiment uses the three-colored 
light sources of red, green and blue for the purpose of 
performing the color-displaying. The light modulation 
device 203 is driven by time division in synchroniZation 
With timing of the emission of each of the colored light 
time-sequentially emitted from the respective LEDs 201. 
Hence, the color-displaying is possible even With the single 
plated light modulation device. 

[0103] NoW, a fourth embodiment of the invention Will be 
described With reference to FIG. 14. Referring to FIG. 14, 
the projection-type display apparatus according to the 
present embodiment includes the red illumination device, 
the green illumination device and the blue illumination 
device, the light modulation device 203, a relay lens 207, 
and the projection lens 206. Each of the red illumination 
device, the green illumination device and the blue illumi 
nation device is structured of the LED 201, and the con 
denser lens system as a set, Wherein the condenser lens 
system includes the collimator lens 204 and the aspherical 
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lens 205. The relay lens 207 arrays light ?uxes irradiated 
from the respective color illumination devices into one light 
?ux. 

[0104] As described in the above third embodiment of the 
invention, the degree of freedom in the layout of the 
illumination system increases signi?cantly by using the 
LED for the light source. HoWever, there may be a case in 
Which the LEDs have to be aligned on a planar substrate. In 
order to cope With such a case, the projection-type display 
apparatus according to the present embodiment arranges 
each of the illumination devices in an army-like con?gura 
tion, and disposes the relay lens 207 betWeen the illumina 
tion devices, aligned in the array-like con?guration, and the 
light modulation device 203, as illustrated in FIG. 14. Here, 
each of the colored light ?uxes overlaps precisely on the 
light modulation device 203, When a focal distance of the 
relay lens 207 is made substantially equal to an interval 
betWeen the relay lens 207 and the light modulation device 
203. 

[0105] NoW, a ?fth embodiment of the invention Will be 
described With reference to FIG. 15. Referring to FIG. 15, 
the projection-type display apparatus according to the 
present embodiment includes the red illumination device, 
the green illumination device and the blue illumination 
device, the light modulation device 203, a cross dichroic 
prism 208, and the projection lens 206. Each of the red 
illumination device, the green illumination device and the 
blue illumination device is structured of the LED 201, and 
the condenser lens system as a set, Wherein the condenser 
lens system includes the collimator lens 204 and the aspheri 
cal lens 205. 

[0106] Reduction of siZe of the projection lens is impor 
tant When achieving miniaturization of the projection-type 
display apparatus. In doing so, the reduction of siZe is easily 
achieved relatively When the NA (Numerical Aperture) of 
the projection lens is made small and dark. HoWever, as 
mentioned in the third and fourth embodiments, the neces 
sary colored light does not reach a display screen When the 
NA of the projection lens is loWered by the illumination 
system, the same as that of the third and fourth embodi 
ments, and thus an image is not established. Therefore, the 
projection-type display apparatus according to the present 
embodiment utiliZes the cross dichroic prism 208 to make an 
illumination optical path, after being emitted from the cross 
dichroic prism 208, of each of the red and blue illumination 
devices to be equal With an optical path of the green 
illumination device, as illustrated in FIG. 15. Hence, it is 
possible to guide the necessary colored light to the display 
screen even When the NA of the projection lens 206 is made 
small and dark. 

[0107] NoW, a sixth embodiment of the invention Will be 
described With reference to FIG. 16. Referring to FIG. 16, 
the present embodiment provides a rear-projection television 
having a projection-type display apparatus 210 according to 
one of the projection-type display apparatuses of the above 
third to ?fth embodiments, a back mirror 209, and a screen 
211. A re?ective off-axial optical system may be used to 
make the rear-projection television thin. 

[0108] As described in the foregoing, according to the 
embodiments of the invention, it is possible to provide a 
small-siZed display apparatus having a simple structure and 
having reduced or no irregular illuminance. In addition, it is 
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possible to achieve poWer-saving as compared With a con 
ventional projector, since the LED is used for the light 
source. 

[0109] Accordingly, it is possible to achieve the following 
(1) to (26) from the above-described exemplary embodi 
ments of the present invention. 

(1) An illumination apparatus, including: 

[0110] a light source including at least one light-emitting 
element, the light-emitting element being con?gured to emit 
light and having an uneven light distribution characteristic; 

[0111] a coupling optical system disposed corresponding 
to the light source and con?gured to convert the light emitted 
from the light source into substantially parallel light; 

[0112] a light condensing optical system con?gured to 
condense the light from the light source, converted into the 
substantially parallel light by the coupling optical system, at 
a predetermined focal position; 

[0113] an illuminated surface as an object to be illumi 
nated by the light from the light source condensed by the 
light condensing optical system; and 

[0114] an optical element disposed betWeen the coupling 
optical system and the light condensing optical system, and 
con?gured to reduce irregular distribution of an amount of 
light on the illuminated surface caused by the light distri 
bution characteristic of the light-emitting element. 

(2) The illumination apparatus according to (1), wherein the 
optical element includes a refracting optical system disposed 
corresponding to the coupling optical system, 

(3) The illumination apparatus according to (l) or (2), 
Wherein the optical element includes: 

[0115] an optical system substantially afocal and having at 
least tWo lenses; 

[0116] a lens central part de?ned by a central part of each 
of the at least tWo lenses and having a ?rst afocal magni? 
cation; and 

[0117] a lens peripheral part de?ned by a peripheral part of 
each of the at least tWo lenses and having a second afocal 
magni?cation different from the ?rst afocal magni?cation, 
and Wherein the optical element satis?es a folloWing for 
mula: 

[0118] Where Mc is the ?rst afocal magni?cation, and Mm 
is the second afocal magni?cation. 

(4) The illumination apparatus according to (l) or (2), 
Wherein the optical element includes: 

[0119] an optical system substantially afocal and having at 
least tWo refracting surfaces; 

[0120] a lens central part de?ned by a central part of at 
least one lens and having a ?rst afocal magni?cation; and 

[0121] a lens peripheral part de?ned by a peripheral part of 
the at least one lens and having a second afocal magni?ca 
tion different from the ?rst afocal magni?cation, 

[0122] and Wherein the optical element satis?es a folloW 
ing formula: 
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[0123] Where Mc is the ?rst afocal magni?cation, and Mm 
is the second afocal magni?cation. 

(5) An illumination apparatus, including: 

[0124] 
[0125] at least one light-emitting element of a surface 

emission type in Which a plurality of light-emitting 
elements are arranged tWo-dimensionally, the light 
emitting element being con?gured to emit light and 
having an uneven light distribution characteristic, and 

[0126] a structure having a tapered holloW part Which 
expands its diameter toWard a direction of emission of 
the light emitted therefrom and encapsulating therein 
the light-emitting element by a resin; 

[0127] a coupling optical system disposed corresponding 
to the light source and con?gured to convert light emitted 
from the light source into substantially parallel light; 

[0128] a light condensing optical system con?gured to 
condense the light from the light source, converted into the 
substantially parallel light by the coupling optical system, at 
a predetermined focal position; 

[0129] an illuminated surface as an object to be illumi 
nated by the light from the light source condensed by the 
light condensing optical system; and 

[0130] a light-emitting region provided on the structure 
and from Which the light of the light-emitting element is 
emitted externally, the light-emitting region being deter 
mined by an area of encapsulation by the resin or determined 
by a most expanded diameter part of the structure, and 
having a shape similar to a shape of the illuminated surface. 

a light source, the light source including 

(6) The illumination apparatus according to (5), Wherein the 
light-emitting region and the illuminated surface are set in a 
conjugate relationship through the coupling optical system 
and the light condensing optical system. 

(7) The illumination apparatus according to (5) or (6), 
Wherein the resin includes a transparent resin. 

(8) The illumination apparatus according to (5) or (6), 
Wherein the resin includes a ?uorescent material, and con 
verts a color of the light emitted from the light-emitting 
element into another color. 

[0131] (9) The illumination apparatus according to (5), 
further including an optical element disposed betWeen the 
coupling optical system and the light condensing optical 
system, and con?gured to reduce irregular distribution of an 
amount of light on the illuminated surface caused by the 
light distribution characteristic of the light-emitting element. 

(10) The illumination apparatus according to (9), Wherein 
the optical element includes: 

[0132] an optical system substantially afocal and having at 
least tWo lenses; 

[0133] a lens central part de?ned by a central part of each 
of the at least tWo lenses and having a ?rst afocal magni? 
cation; and 

[0134] a lens peripheral part de?ned by a peripheral part of 
each of the at least tWo lenses and having a second afocal 
magni?cation different from the ?rst afocal magni?cation, 
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[0135] and Wherein the optical element satis?es a folloW 
ing formula: 

[0136] Where Mc is the ?rst afocal magni?cation, and Mm 
is the second afocal magni?cation. 

(11) The illumination apparatus according to (9), Wherein 
the optical element includes: 

[0137] an optical system substantially afocal and having at 
least tWo refracting surfaces; 

[0138] a lens central part de?ned by a central part of at 
least one lens and having a ?rst afocal magni?cation; and 

[0139] a lens peripheral part de?ned by a peripheral part of 
the at least one lens and having a second afocal magni?ca 
tion different from the ?rst afocal magni?cation, and 
Wherein the optical element satis?es a folloWing formula: 

[0140] Where Mc is the ?rst afocal magni?cation, and Mm 
is the second afocal magni?cation. 

[0141] (12) The illumination apparatus according to any 
one of (l) to (11), Wherein the light-emitting element 
includes a light-emitting diode, the coupling optical system 
includes a coupling lens, and the light condensing optical 
system includes a condenser lens. 

(13) A light modulation apparatus, including: 

[0142] the illumination apparatus according to any one of 
(l) to (12); and 

[0143] a light modulation element provided on the illumi 
nated surface of the illumination apparatus, 

[0144] (14) The light modulation apparatus according to 
(13), further including a polariZation conversion element 
disposed betWeen the light condensing optical system and 
the light modulation element, and con?gured to arrange the 
light emitted from the light-emitting element to one-direc 
tional polariZed light. 

(15) A projection-type display apparatus, including: 

[0145] the illumination apparatus according to any one of 
(l) to (12), Wherein the light source includes at least three 
light-emitting elements each con?gured to emit, in time 
sequence, colored light each having a different color from 
each other; 

[0146] a light modulation element con?gured to be driven 
by time division in synchronization With timing of emission 
of each of the colored light time-sequentially emitted from 
the light-emitting elements and con?gured to modulate the 
colored light; and 

[0147] a projection optical system con?gured to project 
the colored light modulated by the light modulation element. 

(16) A projection-type display apparatus, including: 

[0148] the illumination apparatus according to any one of 
(l) to (12), Wherein the light source constitutes a surface 
light source and including a plurality of light-emitting 
elements each con?gured to emit colored light each having 
a different color from each other, 
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[0149] a plurality of light modulation elements con?gured 
to modulate the colored light emitted from the light-emitting 
elements; 
[0150] a color synthesizing element con?gured to synthe 
size the colored light modulated by the light modulation 
elements to synthesized light; and 

[0151] a projection optical system con?gured to project 
the synthesized light synthesized by the color synthesizing 
element. 

[0152] (17) The projection-type display apparatus accord 
ing to (15) or (16), further including a polarization conver 
sion element disposed betWeen the light condensing optical 
system and the light modulation elements and con?gured to 
arrange the colored light emitted from each of the light 
emitting elements to one-directional polarized light. 

(18) The projection-type display apparatus according to 
(17), Wherein the light modulation elements each includes a 
re?ective liquid crystal device. 

(19) A display apparatus, including: 

[0153] at least one light-emitting element con?gured to 
emit light; 

[0154] a light condensing optical system including at least 
one optical component and con?gured to condense the light 
emitted from the light-emitting element, the at least one 
optical component including at least one aspherical surface; 
and 

[0155] a light modulation device irradiated by the light 
condensed by the light condensing optical system and con 
?gured to modulate the irradiated light. 

[0156] (20) The display apparatus according to (19), 
Wherein the light modulation device is disposed betWeen the 
light condensing optical system and a light-condensed point 
Where the light emitted from the light-emitting element is 
condensed by the light-condensing optical system. 

[0157] (21) The display apparatus according to (19) or 
(20), further including a plurality of illumination devices 
each including the at least one light-emitting element and the 
light condensing optical system, and each con?gured to 
illuminate the light modulation device, 

[0158] (22) The display apparatus according to any one of 
(19) to (21), Wherein the at least one light-emitting element 
includes a plurality of light-emitting elements, and the 
plurality of light-emitting elements includes at least a red 
light-emitting element Which emits red light, a green light 
emitting element Which emits green light, and a blue light 
emitting element Which emits blue light. 

(23) The display apparatus according to (22), further includ 
ing a cross dichroic prism disposed betWeen the light 
condensing optical system and the light modulation device. 

(24) The display apparatus according to any one of (19) to 
(23), further including at least one relay lens disposed 
betWeen the light condensing optical system and the light 
modulation device. 

(25) A projection-type display apparatus, including: 

[0159] the display apparatus according to any one of (19) 
to (24); and 
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[0160] a projection optical system con?gured to project 
image light imaged by the display apparatus. 

(26) A rear-projection television, including: 

[0161] 
to (24); 

[0162] a projection optical system con?gured to project 
image light imaged by the display apparatus; and 

[0163] a display screen onto Which the image light is 
projected by the projection optical system. 

the display apparatus according to any one of (19) 

[0164] Although the present invention has been described 
in terms or exemplary embodiments, it is not limited thereto. 
It should be appreciated that variations may be made in the 
embodiments described by persons skilled in the art Without 
departing from the scope of the present invention as de?ned 
by the folloWing claims. The limitations in the claims are to 
be interpreted broadly based on the language employed in 
the claims and not limited to examples described in the 
present speci?cation or during the prosecution of the appli 
cation, and the examples are to be construed as non 
exclusive. For example, in the present disclosure, the term 
“preferably”, “preferred” or the like is non-exclusive and 
means “preferably”, but not limited to. Moreover, no ele 
ment or component in the present disclosure is intended to 
be dedicated to the public regardless of Whether the element 
or component is explicitly recited in the folloWing claims. 

What is claimed is: 
1. An illumination apparatus, comprising: 

a light source including at least one light-emitting ele 
ment, the light-emitting element being con?gured to 
emit light and having an uneven light distribution 
characteristic; 

a coupling optical system disposed corresponding to the 
light source and con?gured to convert the light emitted 
from the light source into substantially parallel light; 

a light condensing optical system con?gured to condense 
the light from the light source, converted into the 
substantially parallel light by the coupling optical sys 
tem, at a predetermined focal position; 

an illuminated surface as an object to be illuminated by 
the light from the light source condensed by the light 
condensing optical system; and 

an optical element disposed betWeen the coupling optical 
system and the light condensing optical system, and 
con?gured to reduce irregular distribution of an amount 
of light on the illuminated surface caused by the light 
distribution characteristic of the light-emitting element. 

2. The illumination apparatus according to claim 1, 
Wherein the optical element includes a refracting optical 
system disposed corresponding to the coupling optical sys 
tem. 

3. The illumination apparatus according to claim 1, 
Wherein the optical element includes: 

an optical system substantially afocal and having at least 
tWo lenses; 

a lens central part de?ned by a central part of each of the 
at least tWo lenses and having a ?rst afocal magni?ca 
tion; and 
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a lens peripheral part de?ned by a peripheral part of each 
of the at least tWo lenses and having a second afocal 
magni?cation different from the ?rst afocal magni?ca 
tion, 

and Wherein the optical element satis?es a following 
formula: 

Where Mc is the ?rst afocal magni?cation, and Mm is the 
second afocal magni?cation. 

4. The illumination apparatus according to claim 1, 
Wherein the optical element includes: 

an optical system substantially afocal and having at least 
tWo refracting surfaces; 

a lens central part de?ned by a central part of at least one 
lens and having a ?rst afocal magni?cation; and 

a lens peripheral part de?ned by a peripheral part of the 
at least one lens and having a second afocal magni? 
cation dilferent from the ?rst afocal magni?cation, 

and Wherein the optical element satis?es a folloWing 
formula: 

Where Mc is the ?rst afocal magni?cation, and Mm is the 
second afocal magni?cation. 

5. An illumination apparatus, comprising: 

a light source, the light source including 

at least one light-emitting element of a surface-emis 
sion type in Which a plurality of light-emitting ele 
ments are arranged tWo-dimensionally, the light 
emitting element being con?gured to emit light and 
having an uneven light distribution characteristic, 
and 

a structure having a tapered holloW part Which expands 
its diameter toWard a direction of emission of the 
light emitted therefrom and encapsulating therein the 
light-emitting element by a resin; 

a coupling optical system disposed corresponding to the 
light source and con?gured to convert light emitted 
from the light source into substantially parallel light; 

a light condensing optical system con?gured to condense 
the light from the light source, converted into the 
substantially parallel light by the coupling optical sys 
tem, at a predetermined focal position; 

an illuminated surface as an object to be illuminated by 
the light from the light source condensed by the light 
condensing optical system; and 

a light-emitting region provided on the structure and from 
Which the light of the light-emitting element is emitted 
externally, the light-emitting region being determined 
by an area of encapsulation by the resin or determined 
by a most expanded diameter part of the structure, and 
having a shape similar to a shape of the illuminated 
surface. 

6. The illumination apparatus according to claim 5, 
Wherein the light-emitting region and the illuminated surface 
are set in a conjugate relationship through the coupling 
optical system and the light condensing optical system. 
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7. The illumination apparatus according to claim 5, 
Wherein the resin includes a transparent resin. 

8. The illumination apparatus according to claim 5, 
Wherein the resin includes a ?uorescent material, and con 
verts a color of the Light emitted from the light-emitting 
element into another color. 

9. The illumination apparatus according to claim 5, fur 
ther comprising an optical element disposed betWeen the 
coupling optical system and the light condensing optical 
system, and con?gured to reduce irregular distribution of an 
amount of light on the illuminated surface caused by the 
light distribution characteristic of the light-emitting element. 

10. The illumination apparatus according to claim 9, 
Wherein the optical element includes: 

an optical system substantially afocal and having at least 
tWo lenses; 

a lens central part de?ned by a central part of each of the 
at least tWo lenses and having a ?rst afocal magni?ca 
tion; and 

a lens peripheral part de?ned by a peripheral part of each 
of the at least tWo lenses and having a second afocal 
magni?cation different from the ?rst afocal magni?ca 
tion, and Wherein the optical element satis?es a fol 
loWing formula: 

Where Mc is the ?rst afocal magni?cation, and Mm is the 
second afocal magni?cation. 

11. The illumination apparatus according to claim 9, 
Wherein the optical element includes: 

an optical system substantially afocal and having at least 
tWo refracting surfaces; 

a lens central part de?ned by a central part of at least one 
lens and having a ?rst afocal magni?cation; and 

a lens peripheral part de?ned by a peripheral part of the 
at least one lens and having a second afocal magni? 
cation dilferent from the ?rst afocal magni?cation, and 
Wherein the optical element satis?es a folloWing for 
mula: 

Where Mc is the ?rst afocal magni?cation, and Mm is the 
second afocal magni?cation. 

12. The illumination apparatus according to claim 1, 
Wherein the light-emitting element includes a light-emitting 
diode, the coupling optical system includes a coupling lens, 
and the light condensing optical system includes a condenser 
lens. 

13. A light modulation apparatus, comprising: 

an illumination apparatus, including: 

a light source including at least one light-emitting 
element, the light-emitting element being con?gured 
to emit light and having an uneven light distribution 
characteristic; 

a coupling optical system disposed corresponding to 
the light source and con?gured to convert the light 
emitted from the light source into substantially par 
allel light; 

a light condensing optical system con?gured to con 
dense the light from the light source, converted into 
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the substantially parallel light by the coupling optical 
system, at a predetermined focal position; 

an illuminated surface as an object to be illuminated by 
the light from the light source condensed by the light 
condensing optical system; and 

an optical element disposed betWeen the coupling opti 
cal system and the light condensing optical system, 
and con?gured to reduce irregular distribution of an 
amount of light on the illuminated surface caused by 
the light distribution characteristic of the light-emit 
ting element; and 

a light modulation element provided on the illuminated 
surface. 

14. The light modulation apparatus according to claim 13, 
further comprising a polarization conversion element dis 
posed betWeen the light condensing optical system and the 
light modulation element, and con?gured to arrange the light 
emitted from the light-emitting element to one-directional 
polarized light. 

15. A projection-type display apparatus, comprising: 

an illumination apparatus, including: 

a light source including at leas three light-emitting 
elements each con?gured to emit, in time sequence, 
colored light each having a different color ?rm each 
other, the light-emitting elements each having an 
uneven light distribution characteristic; 

a coupling optical system disposed corresponding to 
the light source and con?gured to convert the colored 
light emitted from the light source into substantially 
parallel light; 

a light condensing optical system con?gured to con 
dense the colored light from the light source, con 
verted into the substantially parallel light by the 
coupling optical system, at a predetermined focal 
position; 

an illuminated surface as an object to be illuminated by 
the colored light from the light source condensed by 
the light condensing optical system; and 

an optical element disposed betWeen the coupling opti 
cal system and the light condensing optical system 
and con?gured to reduce irregular distribution of an 
amount of light on the illuminated surface caused by 
the light distribution characteristic of each of the 
light-emitting elements; 

light modulation element con?gured to be driven by 
time division in synchronization With timing of emis 
sion of each of the colored light time-sequentially 
emitted from the light-emitting elements and con?g 
ured to modulate the colored light; and 

projection optical system con?gured to project the 
colored light modulated by the light modulation ele 
ment. 

16. A projection-type display apparatus, comprising: 

an illumination apparatus, including: 

a light source constituting a surface light source and 
including a plurality of light-emitting elements each 
con?gured to emit colored light each having a dif 
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ferent color from each other, the light-emitting ele 
ments each having an uneven light distribution char 

acteristic; 

coupling optical system disposed corresponding to 
the light source and con?gured to convert the colored 
light emitted from the light source into substantially 
parallel light; 

light condensing optical system con?gured to con 
dense the colored light from the light source, con 
verted into the substantially parallel light by the 
coupling optical system, at a predetermined focal 
position; 

an illuminated surface as an object to be illuminated by 
the colored light from the light source condensed by 
the light condensing optical system; and 

an optical element disposed betWeen the coupling opti 
cal system and the light condensing optical system 
and con?gured to reduce irregular distribution of an 
amount of light on the illuminated surface caused by 
the light distribution characteristic of each of the 
light-emitting elements; 

a plurality of light modulation elements con?gured to 
modulate the colored light emitted from the light 
emitting elements; 

a color synthesizing element con?gured to synthesize the 
colored light modulated by the light modulation ele 
ments to synthesized light; and 

a projection optical system con?gured to project the 
synthesized light synthesized by the color synthesizing 
element. 

17. The projection-type display apparatus according to 
claim 15, further comprising a polarization conversion ele 
ment disposed betWeen the light condensing optical system 
and the light modulation elements and con?gured to arrange 
the colored light emitted from each of the light-emitting 
elements to one-directional polarized light. 

18. The projection-type display apparatus according to 
claim 17, Wherein the light modulation elements each 
includes a re?ective liquid crystal device. 

19. A display apparatus, comprising: 

at least one light-emitting element con?gured to emit 
light; 

a light condensing optical system including at least one 
optical component and con?gured to condense the light 
emitted from the light-emitting element, the at least one 
optical component including at least one aspherical 
surface; and 

a light modulation device irradiated by the light con 
densed by the light condensing optical system and 
con?gured to modulate the irradiated light. 

20. The display apparatus according to claim 19, Wherein 
the light modulation device is disposed betWeen the light 
condensing optical system and a light-condensed point 
Where the light emitted from the light-emitting element is 
condensed by the light-condensing optical system. 

21. The display apparatus according to claim 19, further 
comprising a plurality of illumination devices each includ 
ing the at least one light-emitting element and the light 




